Enhancement of neuronal survival by 6R-tetrahydrobiopterin.
Recently, we have reported that 6R-tetrahydrobiopterin activates Ca2+ channels in neuronal cells independently of its cofactor activities. Several reports indicate that depolarization-induced activation of Ca2+ channels enhances neuronal survival. Here, we investigated the effects of 6R-tetrahydrobiopterin on survival of differentiated PC12 cells. Depletion of serum and nerve growth factor caused cell death, which was prevented by high potassium. 6R-Tetrahydrobiopterin also prevented death of PC12 cells cultured without serum and nerve growth factor in a dose-related manner at physiological concentrations (1-100 microM). However, surviving cells cultured with 6R-tetrahydrobiopterin showed undifferentiated form. 6S-Tetrahydrobiopterin, a diastereoisomer of 6R-tetrahydrobiopterin, also had a cell-surviving effect, but it was less potent as compared with that of 6R-tetrahydrobiopterin. The cell-surviving effect of 6R-tetrahydrobiopterin was eliminated by a Ca2+ channel blocker, but persisted in the presence of an inhibitor for tyrosine hydroxylase, dopamine, L-DOPA, an inhibitor for nitric oxide synthase and a nitric oxide generator. The effect of 6R-tetrahydrobiopterin was mimicked by a cyclic-AMP analogue and inhibited by an inhibitor for protein kinase A. Ca2+ channel activity was preserved but dopamine-releasing activity was disturbed in surviving cells cultured with 6R-tetrahydrobiopterin. 6R-Tetrahydrobiopterin had no effect on mitogen-activated protein kinase. These findings suggest that, independently of its cofactor activities and mitogen-activated protein kinase cascade, 6R-tetrahydrobiopterin enhances survival of PC12 cells by activating Ca2+ channels via the cyclic-AMP-protein kinase A pathway, but that 6R-tetrahydrobiopterin does not preserve neuronal character induced by nerve growth factor.